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A field experiment was conducted in Padang Besar, Perlis, Malaysia from 2014 and 2016 four 

seasons. In each year, the experiments have been implemented in order to study the effect of 

three levels of irrigation water (25% (no stress), 50% (moderate deficit), 75% (water deficit) 

of field capacity), and five concentrations of Gibberellic acid (GA3) (0,50,100, 200,300 ppm). 

From the study there were a significant influence of sprayed gibberellic acid on the corn leaves, 

which led to increase in the growth characters while sprayed gibberellic acid caused to lengthen 

the growing season and stimulate the vegetative growth. The results showed increased the 

amount of protein, chlorophyll content, gibberellic acid concentration (mg. Kg-1) and oil in the 

seeds, with an increased the concentration of sprayed gibberellic acid. 
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1. INTRODUCTION  

According to [1], maize is the third most important crop in the world, after rice and wheat. It 

is also one of the most important crops in the milder, subtropical and tropical regions of the 

world [2]. In view of its increasing importance, improvement in agronomic characteristics of 

maize has received considerable attention in the world, especially in the optimal use of 

irrigation water. According to The Food and Agriculture Organization of the United 

Nations (FAO) [3] Most of the agricultural land in the arid and semi-arid regions experiencing 

scarcity of water resources for different reasons and this problem is exacerbated in the future 

due to increase farmland and population growth. Thus, becomes necessary to develop a good 

management of water resources in order to optimize utilization of water. Located about 97.4% 

above the earth, the water in the seas and oceans has very limited use without treatment. Also, 

approximately 2% are on the ice at the poles, so it is only 0.6 for human, animal and plant 

usage, which was estimated at 12,500 km3 approximately from all water. The physiological 

overlapping relationships in the plant which associated with water deficit requiring it 

necessitates a serious consideration, especially in the nutritional balance operation in the plant 

to keep the water content in line with the climatic conditions [4]. 
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Gibberellic acid (GA3), one of the plant growth regulators is known by the activated impact of 

growth where it leads to speeding the elongation of dwarf species were recovery of the plants 

to natural length. Gibberellic acid (GA3) was found that treated seeds and buds in many plant 

species and the operate as an alternative to low temperature and long day and the red light. The 

spraying of gibberellic acid (GA3) on the plant leaves has led to the removal of symptoms of 

aging in the plant and Increase the chlorophyll "a", chlorophyll "b" and the carotenoids, also I 

lead to constitutes a group of plant regulators, which play an important role in both the 

regulation of growth and the process of flowering. In angiosperms, gibberellic acid (GA3) is 

considered to be necessary for the normal elongation growth, and  lack ability to biosynthesize 

[5].The results were listed, in order to get the most accurate information regarding the impact 

of Gibberellic acid (GA3) in the water deficiency conditions and surrounded all the aspects of 

the subject and understanding the effect of the water deficit on the corn and how to decrease 

the detrimental the effect. 

 

This study was conducted  at the Agro Technology Research Station, University Malaysia 

Perlis Padang Besar, Perlis, Malaysia. Soil samples were taken from the field before planting 

it was crushed and then passed from the sieve diameter of the openings to estimation some of 

the chemical and physical parameters of the soil study. 

 

2. MATERIALS AND METHODS. 

2.1 SOIL ANALYSIS 

1. Soil texture: estimated by the pipette method as set out in [6] explained in [7]. 

1. Bulk density: estimated in a core sampler method [6] explained in [8]. 

The soil sample was taken by a vicious cylinder (moist soil) from three different places of 

experiment field. The soil was chosen randomly. The diameter and height of the cylinder, was 

measured the sample and then weighed the samples in a sensitive balance and values of these 

weights was recorded, and then the samples were placed in an oven with temperature of 105 ° 

c for 8 hours.  

Bulk Density (BD) = [𝑀 ÷ 𝐷] × 𝐿                                                                                                        (3.1) 

BD = bulk density of the soil (g / cm 3). 

M = dry sample weight (grams). 

D = cylinder diameter (cm). 

L = Length of the cylinder (cm). 

2. Electrical conductivity EC: measured in the extract of saturated dough by using a 

conductivity bridge by way of [9] explained in [10]. 

3. Soil moisture: estimated the percentage of the soil moisture at tensile 33 kpa (field 

capacity) and 1500 kpa (The wilting point) by using a pressure membrane apparatus pressure 

plate by the method reported by [6] explain in [11]. 

The percentage of soil moisture is measured on a dry weight basis to calculate the 

percentage of soil moisture taken a sample of moist soil from 3 different places, at least on the 

experiment field these places are selected randomly, weighed samples in a sensitive balance 

and recorded the values of these weights samples be placed in an oven with temperature of 

105°C for 8 hours, and use the following formula to calculate the moisture content of the soil: 

MC= 𝑊1 − 𝑊2                                                                                                                  (3.2) 

MC = moisture content of the soil depending on the dry weight (%). 

W1 = weight of moist sample (grams). 

W2 = weight of dry sample (grams). 

https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&uact=8&ved=0CDkQFjAI&url=https://foursquare.com/v/stesen-agrotek-unimap/4d06dd1e30a58cfa8980ade7&ei=Q2LFU6PeCs6eugT3xoCoAw&usg=AFQjCNEWo0AV9fhRhMkxd36qgsLyBFaF6g&sig2=WO1vdTTLyYxINSfrDN7oig&bvm=bv.70810081,d.c2E
https://www.google.com.my/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&cad=rja&uact=8&ved=0CDkQFjAI&url=https://foursquare.com/v/stesen-agrotek-unimap/4d06dd1e30a58cfa8980ade7&ei=Q2LFU6PeCs6eugT3xoCoAw&usg=AFQjCNEWo0AV9fhRhMkxd36qgsLyBFaF6g&sig2=WO1vdTTLyYxINSfrDN7oig&bvm=bv.70810081,d.c2E
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4. Determination of soil reaction (pH): the measurement in leaky saturated soil dough by 

using pH-meter  according to method cited by [9] , [12]. 

5. Determine of matter: The organic matter was determined by weighing one gram of air-

dried soil sample in an Erlenmeyer flask of 500 ml capacity. 10 ml of 1N potassium dichromate 

solution was added at the rate of 10 ml per sample and 20 ml of sulfuric acid (concentrated) 

was added by means of a pipette. The sample was mixed by shaking and left for 30 minutes. 

Distilled water at the rate of 150 ml and 0.5 N ferrous sulfate solution at the rate of 25 ml was 

added to the sample and the excess was titrated using 0.1 N solution of potassium permanganate 

to pink end point (Moodie et al., 1959). 

6. Available nitrogen in the soil : ready nitrogen in the soil is estimated by using  a micro-

Kjeldahl device according to the method of [9]. 

7. Phosphorus determine: estimated according to the method (Olson) as stated [9]. 

8. Potassium: extraction by using an ammonium acetate solution (1n) was estimated by 

optical flame device flame photometer as stated in [6]. All results were recorded in Table 1. 

 

Table 1 the chemical and physical properties of the soil before planting. 

Value Measurement 

4.89 Electrical conductivity ds.m-1 

7.35 The degree of soil interaction 

 Nutrients: 

1.12 Total nitrogen (N) % 

32 Available Phosphors (P) (mg.kg-1 soil)  

96.1 Potassium (K) (mg.kg-1 soil) 

0.18 Organic Metter (OM) % 

1.22 Apparent density megagram/m3 

 Volumetric distribution of separate soil (G. kg 1-soil)  

70.32% Sand 

10.74% Clay 

18.94% Silt 

Sandy Loam Conception 

18.4 Percentage soil moisture when pulling 33 KPa  

6.6 Percentage soil moisture when you lift 1500 kPa 

 

2.2 DETERMINE THE SOIL MOISTURE DIRECTLY IN THE FIELD (A). 

Using method (CPN 503 DR hydro probe), the moisture of soil was determined and 

follow-up attrition moisture with layers of soil. The irrigation scheduling process as it has been 

installed measurement pipes in the field; measurement process has been at depths of 10, 20, 30 

and 40 cm from the soil surface. The weight method was used to compare the moisture 

measurements of soil with device data aforementioned. 
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2.3 PREPARATION OF GIBBERELLIC ACID (GA3): 

 

It was sprayed gibberellic acid (0, 50, 100,200 and300ppm) was prepared as follows: 

Gibberellic acid (GA3) at the rate of one gram was taken and dissolved in some drops of ethanol 

95% (ethyl alcohol) when the dissolve it with 1 liter of distilled water (1000 ml) gives a solution 

concentration 1000 mg. liter (Abbas, 2011). Prepared the concentration of 50 mg. liter  by 

taking 50 ml of the original solution (concentration of 1000 mg. Liter) It was completed to size 

1000 ml of distilled water, to prepare the concentration of 100 mg. Liter then taking 100 ml of 

the original solution and has been completed to 1000 ml, and repeated the same method with 

the other concentrations by using the mitigation equation (Harborne, 1973): 

C1 =the concentration of stockpiling. 

V1 = Original size for solution (stockpiling). 

C2 = Required concentration. 

V2 =the required size. 

(C1V1 = C2V2)                                                                                                                   (3.6) 

These concentrations were sprayed once on leaves at the stage of (4-6) leaves. Tween (80) at 

the concentration of (0.025) % was added to the foliar solution as surfactant agent. Spraying 

processes were carried out during the morning (6 am) until the solutions were run off all plants 

by using a manual sprayer. A split-plot design based on a randomized complete block design 

with three replications was employed in this study. The factors, including field capacity in the 

main plot at three levels (25%, 50%, and 75% of field capacity) as well as optimum irrigation 

(no-deficit irrigation). The Secondary plot was sprayed with Gibberellic acid at the five 

concentrations. 

 

2.4 PARAMETERS OF STUDY 

2.4.1percentage of protein in the seeds (%) 

The percentage of protein in the seeds was estimated by following method Micro – Kjeldal as 

mentioned in AOAC (1980 ) as described  (Sheoran et al., 2006). 

 

2.4.2 Total leaf chlorophyll content 

 

Extract chlorophyll by following  method (Molazem et al., 2012). Chlorophyll a and 

chlorophyll b content were measured in the laboratory. Photosynthetic pigments (chlorophyll a 

and b) were measured in fresh leaf samples, a week before the harvest. One plant per replicate 

was used for chlorophyll determination. Fresh Weight). Chlorophyll content was estimated by 

extracting fresh leaves with 80% acetone, and after centrifugation at 8,000 rpm for 20min, 

measuring the colour intensity of the extract at (645 and 663) nm wave lengths by 

spectrophotometer (Spectra scan UV 2700). The method of (Al-Dulaimi et al., 2014) was used 

to calculate:  

 

Total chlorophyll =   

 

 

D (663) = Reading the optical absorption of wavelength 663 nm. 

D (645) = Reading the optical absorption of wavelength 645 nm. 

V= Volume 20 ml. 

W = weight 1 g. 

20.2 × D (645) + 8.02 × D (663) 

         

(V/W × 1000) × 100 

 

 

https://en.wikipedia.org/wiki/Ethyl_group
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2.4.3 Proline content in the seeds (m.g-1) 

Free proline accumulation was determined using the method of Bates et al., (1973) that 

Described by Marín Velázquez et al., (2010). Where extracted the free proline (unencumbered) 

by adding 10 ml of 30% aqueous sulfosalicylic acid on the fresh sample to 5.0 g, the sample 

was then ground and filtered, 2 ml of the filtrate was taken. It was added to 2 ml of reagent 

solution (ninhydrin acid) (which was prepared by dissolving ninhydrin in glacial acetic acid 

and phosphoric acid), and after that added to the mixture of 2 ml glacial acetic acid. 

Subsequently  heating the sample with the reagent in a water bath for an hour after cooling the 

sample was added to 4 ml of toluene shaking well, then separating the aqueous phase and using 

the upper part (layer toluene), to measure the optical density at a wavelength 520 NM by using 

UV/ visible ،spectrophotometer. 

 

3. RESULTS AND DECISION 

3.1. Percentage of protein in the seeds (%) 

The results of statistical analysis indicated in Fig .1. outweigh the interaction between the levels 

of irrigation and the concentration of Gibberellic acid (GA3) was sprayed indicated to 

superiority of the interactions at 25% of field capacity and 300ppm Gibberellic acid (GA3). The 

highest rate of percentage of protein in the seeds  amounted to 9.9% with a significant 

difference from the other interactions, the lowest  rate for percentage of protein in the seeds 

(%) it has been in interactions 75% of field capacity and 0ppm Gibberellic acid (GA3) reached 

to 5.7%, this was followed by the interactions 75% of field capacity and 50ppm Gibberellic 

acid (GA3) with the percentage of protein in the seeds (%) amounted 7.4% with a significantly 

decrease from the other treatments that have been sprayed by Gibberellic acid (GA3), while it 

is given a significant increase when compared with control. Numerous physiological and 

biochemical changes occur in response to drought deficit in various plant species. Changes in 

protein expression, accumulation, and synthesis have been observed in many plant species as 

a result of plant exposure to drought deficit during growth. Ghani, et al., (2014) has described 

the dependence of increase in dry weight, starch hydrolysis, and protein release in excised 

barley endosperm in the presence of added Gibberellic acid (GA3). 

 

 

 

 

 

 

 

 

 

 
 

Figure 1 Effect of Field Capacity levels and sprayed Gibberellic acid (GA3) on percentage of 

protein in the seeds (%). 
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3.2 total leaf chlorophyll content (mg-1) 

Statistical data analysis detection superiority the interactions (25% of field capacity and 

300ppm Gibberellic acid (GA3)) in the highest rate of leaf chlorophyll content (mg-1) reached 

(40.08mg-1) with a significant difference from the other interactions, while the lowest  rate for 

leaf chlorophyll content (mg-1) it has been in interactions (75% of field capacity and 0ppm 

Gibberellic acid (GA3)) reached to (13.45mg-1), this was followed by the interactions 75% of 

field capacity and 50ppm Gibberellic acid (GA3) with  leaf chlorophyll content (mg-1) reached 

15.43mg-1 with a significant decrease from the other treatments that have been sprayed by 

Gibberellic acid (GA3), while it is given the significant decrease when compared with that 

treatments have not been sprayed by Gibberellic acid (GA3) (control). Severe drought deficit 

also inhibits the photosynthesis of plants by causing changes in chlorophyll content, by 

affecting chlorophyll components and by damaging the photosynthetic apparatus and the 

decrease in chlorophyll under drought deficit is mainly the result of damage to chloroplasts 

caused by active oxygen species (Arjenaki, Jabbari, & Morshedi, 2012). Gibberellic acid (GA3) 

increase the stem and root elongation and the plant growth parameters like root length, shoot 

length, the number of leaves, leaf area increase, and seed contents also increase. An increasing 

number of leaves and leaf area increases the level of the chlorophyll a & b (Sao & Sahu, 2013). 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Effect of Field Capacity levels and sprayed Gibberellic acid (GA3) on total 

leaf chlorophyll content (mg-1). 

 
3.3 proline content in the leaves (mg-1) 

 

Study results showed the interaction between different Field Capacity levels and concentrations 

of Gibberellic acid (GA3) with hight prolin content at 75% of field capacity and 300ppm 

Gibberellic acid (GA3) in a higher rate of  the proline content in the leaves (mg-1) reached (84 

mg-1) with a significant difference from the other interactions, while the lowest  rate for the 

proline content in the leaves (mg-1) it has been in interactions at (25% of field capacity and 

0ppm Gibberellic acid (GA3)) reached to (59 mg-1), it was followed by the interactions (25% 
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of field capacity and 50ppm Gibberellic acid (GA3)) with  the proline content in the leaves 

(mg-1) at (64 mg-1) with a significantly decrease from the other treatments that have been 

sprayed by Gibberellic acid (GA3), while it is given a significant decrease when compared with 

treatments that have not been sprayed by Gibberellic acid (GA3) (control). Increased in proline 

content in plants exposed to any deficit leads to increased gathering of proline due to inability 

the plant to bioconstruction of protein, thereby increasing the amount of amino acids within the 

plant, including proline which is one of the defense methods to minimize the harmful impact 

of the drought.The proline concentration increases greatly in the growing region of maize (Zea 

mays L.) primary roots at low water potentials, largely as a result of an increased net rate of 

proline deposition (Biancucci et al., 2015). The interaction between Field Capacity levels and 

sprayed Gibberellic acid (GA3), that clearly effected on this characteristic. Where that water 

deficit and Gibberellic acid (GA3) remarkably have raised the accumulation of proline in the 

plant and this, in turn, reflected positively on raising the plant's resistance for deficit situation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3 Effect of Field Capacity levels and sprayed Gibberellic acid (GA3) on proline 

content in the leaves (mg-1). 

  
4 CONCLUSION 

 

The interaction between Gibberellic acid (GA3) and water deficit showed the clear 

influence of water deficit by increased all parameters of growths and yield of corn. Sprayed 

Gibberellic acid (GA3) resulting to increase the plant efficiency by maintaining the cell bulge 

and balance the osmotic potential between the root and surroundings.  
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